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ABSTRACT 


This  study  was  conducted  to  determine  the  amount  and  size  of  simu¬ 
lated  dry  fallout  particles  retained  by  various  Quartermaster  Corps 
clothing  and  packaging  materials,  after  field  decontamination  procedures 
are  applied.  An  attempt  also  was  made  to  correlate  qualitatively  the 
amount  retained  with  surface  properties  of  the  materials. 

Dry  spherical,  glass  beads  in  selected  size -distribution  groups 
(i4-270  u,  14-100  \x,  and  14-75  u)  were  used  to  simulate  fallout  partic¬ 
les  from  a  nuclear  detonation.  The  amount  remaining  vfas  measured  gravi- 
inetrically  and  visually  by  optical  microscope  after  application  of  three 
mechanical  removal  operations. 

It  was  found  that  materials  having  entrapping  fibers  retained  the 
largest  amount  of  beads.  The  amount  was  directly  proportional  to  the 
number  of  open  spaces  and  the  number  of  loose  fibers  that  acted  as  en- 
trappers.  Scrim-back  packaging  material  TetainedO.3  g/ft^  of  particles 
which  had  an  average  diameter  of  50  p.  Cotton  sateen  clothing  and  cot¬ 
ton  poplin  clothing  had  lesser  amounts.  All  other  materials  tested  re¬ 
tained  zero  or  insignificant  amounts. 

Mechanical  entrapment  of  particles  by  the  loose  fibers  appeared  to 
be  the  principal  mechanism  of  retention. 
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SUMMARY 


Problem 


This  study  was  conducted  to  measure  the  amount  of  glass  beads, 
simulating  dry  fallout,  that  is  retained  by  certain  Quartermaster  Corps 
clothing  and  packaging  materials,  and  to  qualitatively  determine  how 
the  simulated  beads  were  retained. 

Findings 

Mechanical  entrapment  of  the  macroscopic-  and  microscopic-sized 
spherical  beads  was  the  principal  mechanism  of  retention.  Materials 
having  high  amounts  of  entrapping  fibers  retain  detectable  amounts  of 
these  beads  even  after  the  application  of  three  mechanical  removal 
operations.  All  cloth  and  Scrim-back  packaging  material  are  in  this 
category . 
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INTRODUCTION 


Radioactive  fallout  piarticles  large  enough  to  be  seen  adhering  to 
materials  ore  deposited  at  the  earth's  surface  after  the  violent  distur¬ 
bance  of  a  nuc] ear  detonation  subsides .  Material  and  personnel  located 
within  the  fallout  area  present  potential  collecting  surfaces  to  the 
descending  particles. 

Such  potential  radiological  contamination  takes  on  tactical  mili¬ 
tary  significance  when  the  collecting  surfaces  of  radioactive  fallout 
particles  are  clothing  worn  by  soldiers  or  material  handled  by  them. 
Defense  against  the  rosui.tant  hazards  would  consist  in  decontamination 
of  the  clothing  and  in  minimizing  the  contominability  of  the  clothing 
and  packaging  materials.  The  contaminabllity-decontaminabillty  charac¬ 
teristics  of  common  materials  remained  to  be  determined. 

An  investigation^  was  conducted  on  foot  co3.diers  crawling  through 
an  area  contaminated  with  dry  synthetic  fallout  material.  Results  of 
this  test  indicated  that  the  soil  loading  on  the  soldier's  clothing  was 
10  times  that  on  their  skin.  Simultaneously,  the  QMC  preliminarily  evalu¬ 
ated  the  field  lavmdcrlng  facilities  for  clothing  contaminated  with  the 
same  dry  synthetic  fallout  material. 

These  two  tests,  however,  did  not  involve  the  study  of  the  mechan¬ 
ism  of  soil  particle  retention.  This  knowledge  in  relation  to  particle 
size  range,  is  necessary  for  definitive  evaluation  of  clothing  decon¬ 
tamination  methods.  It  was  also  desired  to  know  whether  microscopic- 
sized  dry  particles  would  be  difficult  to  remove  from  packaging  materials. 

This  investigation  was  conducted  on  a  laboratory  scale,  to  deter¬ 
mine  whether  various  QMC  clothing  and  packaging  materials  would  retain 
measurable  quantities  of  l4-to-270-p-sizcd  particles  and  to  qualitat¬ 
ively  determine  the  method  of  retention. 
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CHARACTERISTICS  OF  FALLOUT  FROM  NUCLEAR  DETONATIONS 

Radioactive  fallout  particles  are  formed  by  the  interaction  of 
condensing  vaporized  materials:  metals  and  fission  products  derived 
from  the  bomb  and  the  associated  bomb  structure,  some  surface  materials, 
with  other  surface  materials  that  are  swept  up  into  the  cooling  fireball. 

The  physical  properties  of  fallout  particles  depend  upon  many  vari¬ 
ables,  such  as  height  and  size  of  detonation,  bomb  constituents,  asso¬ 
ciated  bomb  structures,  emd  nature  of  environmental  materials.  A  study® 
of  some  of  the  pliysical  and  chemical  properties  of  fallout  collected  at 
the  Nevada  Test  Site  and  the  Eniwetok  Proving  Grounds  demonstrated  the 
wide  variation  in  the  properties  according  to  the  detonation  conditions. 
Collecting  stations  at  various  locations  also  produced  evidences  of  the 
differences  in  the  physical  and  chemical  properties  of  the  fallout  par¬ 
ticles. 

Reference  2  described  particles  collected  from  a  tower  shot  at 
Eniwetok  Proving  Groimd.  The  most  common  type  -was  black,  spheroidal, 
weakly  magnetic,  and  usually  cracked  and  veined  with  calcium  salts. 

These  particles  varied  In  size  from  about  l/h  to  1  mm  in  diameter.  A 
second  type  was  black,  usually  shiny  with  a  metallic  luster,  spherical, 
and  magnetic,  and  were  found  to  be  up  to  about  l/2  mm  in  diameter.  A 
third  type  was  small  black  spheres  ranging  from  about  10  p  In  diameter 
to  submlcroscoplc. 

The  fallout  particles  collected  following  tower  shots  at  Nevada 
were  similar  to  the  first  type  described  above,  black  spheres  ranging 
from  1  or  2  mm  to  about  l/k  mm  in  diameter.  They  had  a  metallic  or 
glossy  luster  and  many  were  magnetic.  The  densities  of  the  several 
that  were  measured  varied  from  I.38  to  2.56  g/cc. 

The  fallout  particles  from  the  Eniwetok  and  Bikini  surface  shots 
were  of  two  shapes,  angular  and  spherical,  both  derived  from  coral  sand 
grains.  These  particles  were  white  to  pale  yellow  or  gray,  and  varied 
from  1  or  2  mm  to  several  microns  in  diameter.  The  densities  varied 
from  2.0  to  2.0  g/cc. 

Fallout  particles  collected  following  a  low-yield  surface  shot  in 
Nevada  consisted  of  glass  derived  from  the  melting  and  subsequent  fus¬ 
ion  of  the  silicate  minerals  in  the  soil.  There  were  two  types:  trans¬ 
parent  spheres  of  a  yellow-green  color;  and  irregular,  opaque, brown  grain 
which  did  not  appear  different  from  the  unaltered  mineral  grains  of  the 
original  soil.  Both  types  were  found  to  be  up  to  2  or  3  ™  in  diameter. 
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Simulation  of  fallout  particles  from  all  types  of  nuclear  detona¬ 
tion  was  unnecessary  for  the  scope  of  this  test.  If  a  foot  soldier 
encounters  fallout  of  visible  size  range,  it  probably  would  have  come 
from  a  surface  or  low  air  burst  over  land  areas.  According  to  the  re¬ 
sults  obtained  from  surface,  tower,  and  low  air  detonations  over  Nevada 
Test  Site,  the  particulate  matter  would  be  dry,  of  various  shapes,  and 
have  a  density  close  to  that  of  glass.  Therefore,  dry,  glass  spheres, 
of  2.5  g/cm3  density  and  in  three  size  ranges,  were  used  for  the  tests. 


INTERACTION  OF  PARTICLES  WITH  MATERIAIS 
Contamination 


Physical  contamination  by  microscopic  radioactive  fallout  particles 
of  materials  used  by  the  Quartermaster  Corps  for  clothing  and  packaging 
is  similar  in  mechanism  to  the  soilage  of  fabrics  by  dust  particles. 
Getchell,  in  a  study3  on  fabrics  soiled  by  dust  particles,  determined 
impingement  and  retention  as  separate  phases  in  the  soilage. 

Furthermore,  he  considered  retention  as  a  function  of  the  material 
and  impingement  as  a  function  of  the  field  condition.  The  mechanisms 
of  impingement  are:  (l)  diffusion  of  very  small  particles  in  air;  (2) 
deposition  of  medium-  and  large-sized  particles  from  air;  (3)  direct 
transfer  of  particles  from  another  soiled  surface;  (4)  interception  or 
contact  by  inertial  effects  of  particles  in  a  moving  air  stream;  and 
(5)  electrostatic  attraction  either  from  air  or  from  another  surface. 

Two  mechanisms  which  are  most  predominantly  involved  in  the  depo¬ 
sition  of  fallout  particles  on  personnel  or  packaging  materials  in  the 
field,  were  simulated  in  the  present  study.  The  tTO  mechanisms  are 
deposition  and  a  variation  of  the  direct  transfer  method  of  impingement. 
The  deposition  of  medium  and  large  particles  from  air  would  follow 
Stoke 's  Law  for  free-falling  particles,  and  any  unprotected  surface  can 
become  contaminated  by  these  falling  particles.  The  direct  transfer 
method  is  the  transfer  of  particles  from  a  soiled  or  contaminated  sur¬ 
face  or  material  to  a  clean  surface  or  material  by  contact  between  the 
two  surfaces. 

The  mechanisms  of  retention  are;  (l)  mechanical  occlusion;  (2)  oil 
bonding;  and  (3)  electrostatic  forces. 

PecontaminatloiL 


Decontamination  of  microscopic  radioactive  fallout  particles  from 
any  surface  is  the  physical  removal  of  particles  by  overcoming  the 
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forces  of  retention.  The  methods  employed  in  decontaminating  are  (l) 
mechanical^  (2)  chemical,  and  (3)  combination  of  mechanical  and  chemical 
means . 

In  the  field,  personnel  exposed  to  visible  fallout  would  employ 
three  removal  operations.  They  would,  if  no  previous  instructions  were 
given,  rise  and  seek  shelter.  Once  under  shelter,  they  would  attempt 
to  remove  visible  particles  by  brushing,  and  if  possible,  by  applying 
a  stream  of  air  or  other  more  vigorous  method  of  particle  removal.  Up 
to  this  point,  the  personnel  has  performed  three  removal  operations. 

By  rising,  he  has  removed  particles  which  are  acted  upon  by  gravity. 

By  brushing,  a  mechanical  method  has  been  employed  to  remove  more  par¬ 
ticles.  By  applying  air  or  other  more  vigorous  mechanical  methods,  all 
particles  that  are  likely  to  be  removed  have  been  displaced  from  the 
clothing.  Field  radiacs  would  be  necessary  to  determine  the  need  for 
further  decontamination  which  could  be  accomplished  through  chemical 
decontamination . 

These  field  methods  were  simulated  in  the  laboratory  test  by  seq.- 
uentially  (l)  placing  the  contaminated  sample  in  a  vertical  position; 

(2)  brusMng;  and  (3)  applying  an  air  stream  over  the  sample.  Size  and 
amount  of  particles  remaining  after  the  laboratory  test  sequence  were 
assumed  to  be  indicative  of  the  size  and  amount  of  particles  remaining 
vinder  field  conditions. 

The  sequence  was  also  utilized  on  the  packaging  materials,  though 
packages  would  generally  be  left  undisturbed  until  cessation  of  fallout, 
to  standardize  the  test  conditions. 
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EXEEKIMENTAL  PROCEDURES 


MATERIALS  TESTED 

Nl.ne  cJoth:,rj{»  dwl  15  pacfeigltig  mate.ri.al5  oupp,lj.ed.  by  the  Quarter¬ 
master  Corps*  were  stud.Led; 

Test  Code  Maber.la.l^  as  described  by  suppliers 

Clothing 

C-1  C.loth.  cotton,-  5at,een;  9«0  C'Z.  C'C”107>  untreated 

C-2  Clothe  cottori;,  sateen-  9  0  oz.  OG-IO7-  fire-Tes.lstaiit 

t  rented 

C-3  C.loth.  cotton,  sateen.  9-0  oz  0G~i07;  water-repellant 

t  reat.ed 

0-4  C,loth.  cotton,,  sateexj,,  9»0  oz.  0G~107-  treated  with 

expeiijnentul  fin  i  eh  Q 

Clotb>  cotton.  5fi.tee.n,.  9-C  t.z..  DC— 107.,  treated  with 
e.xperlmeAta.1  finJ.sh  QP 

C.loth.-  cottoxi,  nal.-'^en,  9-0  oz..  00-107-  treated  with 
e.-)cpe.r:lraental  finish  RT 

Cloth-  cotton/;iylo.n,  poplin^  7-C  oz.  0G«-107j,  untreated 

Cloth-  cotton,  popl.l.n.g  ,5.0  oz.  Khn,k;l  ^1,  untreated 

Cloth,  cotton,  pop.li.n,  5-0  Khaki  //l,  fire-resist¬ 
ant  ,trea.te4 

^Further  informa  tier  on  the  mat.eria.is  tested  may  be  obtalxied.  from;  the 
-Quartermaster  Research  and  Engirieerir.g  Center,  .'Natick,  Ma.ss.,  on  the 
clothing  samples;  f.rcm  the  Quartermaster  Food  and  Cont.alner  instlt.ute 
for  the  Armed  Forces,  Chicago,  Ill-,  on  the  packaging  materials. 
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C-5 

C-6 

c-7 

c-8 

c-9 


Test  Code 


Material)  as  described  by  suppliers 


Packaging 


B-1  Laminated  board 

face  side  -  I.5  mj.l  clear  polyethylene  coating  on  & 
lb  creped  kraft  paper  ("X-crepe") 
hack  side  -  l/lC  inch  hardboard  ("Weytex") 

B-2  Laminated  board 

face  side  -  l.S  mil  black  polyethylene  coating  on  90 
lb  kraft  paper  ("Polykraft") 
back  side  -  l/lO  inch  hardboard  ("Superwood") 

B-3  Laininated  board 

face  side  -  1  mil  clear  polyethylene  coating  on  dup¬ 

lexed  creped  kraft  paper  reinforced  with 
fibergla-ss  scrim  ("Thilcotuf ") 
back  side  -  I/8  inch  hardboard  ( "Armorboard") 

B-4  Laminated  board 

face  side  -  I70  lb  kraft  with  imbedded  sisal  reinforc 
ing  strands  ("Cordex") 

back  side  -  I/8  incli  hardboard  ("Armorboard") 

B-5  Laminated  board 

face  side  -  170  lb  kraft  with  Imbedded  sisal  reinforc 
ing  strands  ("Cordex") 

back  side  -  1./8  inch  hardboard  ("Supervrood") 

B-6  Laminated  boax’'! 

face  side  -  60  IVi  kraft  face  duplexed  to  ll4  lb  W3C 

ll.ner  with,  15  lb  polyethylene 
back  side  -  I/8  inch  hardboard  ("Annorboard") 

B-7  Laminated  board 

face  side  -  19O  .].b  kraft  v^itb  imbedded  sisal,  reinforc 
ing  strands 

back  side  -  3/l6  inch  nardboard  ("Superwood") 

B-8  Laminated  ijo<riu 

face  side  -  0.012  Inch  300,3  H24  Aluminum 

back  side  -  l/O  inch  paper  overlaid  veneer 

B-9  Laminated  board 

face  side  -  0.012  inch  3003  H24  Aluminum 

back  side  -  3/18  inch  paper  overlaid  veneer 
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Test  Code 


Material^  as  described  by  suppliers 


Packaging  (contd) 

Laminated  board 

face  side  -  0.012  inch  3003  H24  Aluminum 
back  side  -  3/16  inch  gi'oup  3  plywood,  container 
grade 

Corrugated  cardboard,  V3C 
Solid  cardboard,  V2S 
Solid  cardboai'd,  V3S 

Flexible  packaging  material,  Scr:‘  n~back  (Fr2120) 

Flexible  packaging  material,  3  polyester  coat- 
ing-O.OOl  foil-0.001  mylar 

Cotton  sateens  were  exposed  on  the  side  which  showed  the  twill  or 
diagonal  lines  under  a  microscope.  Poplin  cloth  did  not  have  a  face- 
to-back  difference  so  one  side  was  arbitrarily  selected  and  used  consis¬ 
tently  throughout  the  test,  a  small  ink  mark  identifying  the  back  side. 

The  face  side  of  laminated  boards  vere  exposed.  The  cardboard 
material  had  printed  matter  on  one  side,  so  this  side  was  selected. 

For  the  flexible  materials,  the  0.001  mylar  and  the  rough  surfaces  of 
the  Scrim-back  were  exposed  to  the  glass  beads. 

To  allow  correlating  particle  retention  with  surface  properties, 
the  faces  of  the  materials  were  micro scopica!l.ly  examined.  TSto  general 
categories  were  observed,  smooth  and  fibrous .  All  packaging  materials 
except  Scrim-back  were  smooth,  while  all  cloth  samples  and  Scrim-back 
were  fibrous . 

The  sample  materials  were  cut  into  nominal  2  x  2-in.  squares.  This 
size  was  selected  because  of  convenience  in  handling,  and  it  was  the 
maximum  size  the  analytical  balance  could  accommodate.  All  samples  were 
handled  carefully  to  minimize  contamination  by  oil  films.  All  materials 
were  new  and  void  of  folds,  creases,  seams,  or  any  visible  debris.  No 
special  cleaning  or  other  treatments  were  given  prior  to  exposvire. 


B-10 

A-6 
A-7 
A- 8 
F-6 
F-7 
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SIMULATION  OF  FALLOUT  PARTICLES 


Di-y  ,  non-raclU^antivo,  p;lasG  beads-*-  were  used  to  simulate  the  fall- 
OTit  from  a  land  surface  or  a  low  air  burst  over  dry  land.  Although  the 
si'^c  rango  of  fallout  imrticlcs  are  known  to  cover  a  much  greater  range, 
the  size  range  for  these  tests  was  limited  to  lA  to  270  n.  Preliminary 
tests  had  indicated  that  beads  larger  than  27O  n  wero  easily  removable 
from  clothing  samples  by  field  methods  such  as  vrere  being  studied. 

Sizing  of  particles 

Three  group?  of  beads  (density  2.*)  g/cm^).,  each  of  different  size 
distriouti-on,  were  selected  from  the  original  supply'-'  by  sieving  with 
5  standard  screens.  One  size  group  (designated  70M)  was  sieved  to  cover 
the  range  from  lA  to  2'’0  p  in  diameter  The  d-i stribution  was  skewed  with 
a  model  val-ic  ol'  200  p  This  group  was  used  to  determine  the  particle 
size  predomi-Oa-'.-cly  retained  oy  the  various  materials' 

The  other  two  size  groups  (designated  I7OM  and  325M)  had  average 
bead  diameters  of  75  and  50  p,  respectively.  The  size  distributions 
were  approximately  nonnal,  and  wore  obtained  by  sieving  on  a  commercial 
sieving  maciiinc'*-*-.  Tliese  groups  were  those  retained  on  the  170-  and 
325-mesh  standard  screens. 

The  size  distributions  for  the  three  groups  are  shown  in  Fig.  1. 
These  distributions  were  determined  by  measuring  bead  diameters  on  en¬ 
larged  photomicrographs  taken  of  random  camples  for  each  size  group. 

The  callhratlon  scale  vms  devised  by  photomicrographing  and  enlarging, 
under  similar  conditions,  a  standard  stage  micrometer. 


APPLICATION  OF  PARTICIiRS 

To  simulate  the  deposition  mechanism  of  impingement,  a  particle 
distributor^  was  used  to  deposit  the  bends  onto  the  material  samples. 

It  consisted  of  a  slowly  rotating  (l  rpm) ,  8-in.  diameter  circular 
table,  an  air  nozzle,  funnel,  and  a  square  vertical  column  which  had 
fourteen  No.  8  size  screens.  'The  screens  vcrc  located  1  in.  apart  and 
were  used  to  deflect  and  distribute  the  beads  uniformly  over  a  2  x  2-in. 
area.  Weighed  amounts  of  glass  beads  were  dropped  onto  the  outer  edge 
of  the  rotating  table  through  a  funnel.  As  the  table  turned,  the  beads 
were  blown  off  the  table  and  in-to  the  square  column.  Tliey  dropped  onto 

*  Flex-O-Lito  83!  Reflective  Glass  Beads,  Flex-O-Lile  Corp.,  St.  lauis, 
Missouri. 

S,  Tyler  Co.,  Cleveland,  Ohio. 
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PARTICLES  RETAINS 


the  sEunple ,  T,7hich  'rfas  located  in.  a  horizontal  position  .1/2  in.  below  the 
column  opening.  The  sample.?  were  m.cnnt.ed  in  a  re  ceased  container  to 
prevent  lateral  movement  during  tte-  tests  and  to  keep  the  sample  f.lat. 

To  simuiLate  the  .niecba.i!.;  amp.  oi  Impirigemerit  by  d;Irect  transfer ^  by 
means  of  a  rubber  rc.i3.ler  ia:i.d  a  pressure  appl.i.cator.,  pressure  was  applied 
to  beads  a.l,ready  deposited  'on  the  material  samples  by  the  method  des^ 
crlbed  abc'/e.  The  contaminated  samp3.es  He.re  placed  onto  a  sample  holder 
which  wa.s  located  on  the  center  por+ioii  cf  a  seale^  the  scale  being 
rigidly  nioiiited  on  a  lalvo'.rat'-'ry  jack.  Tba  pretsure  could  be  controlled 
by  reading  the  sca3.e  a.s  t.!ie  j.ack.  was  f.leva1;ed  tlie  rubber  roller^ 

which  wa.s  fi.xed  over  the  li.'up.nie  .uo3.de  Whei.  a  .readi  'ig  of  'lO  ,1b  was 
obtained-  the  namp'lc  us.s  ia'.<,r.Uiij..3.y  livvc-i  ho.'‘izov.ot'.>13,y  unde,''’  the  roller. 

In  an  effort  U.  maintai'''  '.;,ctio.tni  .il'^ctrostatric  forces  of  the  attraC' 
tion  o.f  beads  ti'wuid.s  1 ’tiS'  ssjrple  ms^tc-rial...  tiiots  were  co^’.d'icted  whl.le 
the  room  te?iij>?'’r'^.ture  vo.c  betwoo?'  'I’O  7'-''  ^  the  f'e3.s,tive  humidity 
was  between  }0  ■sn.d  fX!)  /i.  Spscifi'"  tcnipera'i;u.r‘';'  •.••.i,\d  relaolve  humidity 
could  not  be  ma.iritHined,  but  by  cor.iducting  all  tests  within  these  limits 
it  was  a.s’.umf-d  t.nat  some  f-on  cyisned,  '.The  effect  of  the 

charge  bui  ld"'rp  tiorn  bead  coll  islor,!'  .acd  f  e^d-ro-mate::  ".al.  contact  dur¬ 
ing  all  mecmanl.c  a:i.  bindl.!.'V’  'w;;.,'.-  mca-'ured;.  nor  w.as  rher'c  any  attempt 

to  miniridze  thc'  r.u.iid-up.  hac.b  ■'•jas  ivui’vdied  .ir.  l;he  same  manner 

in  an  .attempt  to  S'.-iada.rd.’.rc  rutv  ••.'’•v.'g--  ’'u.ll!'"up  eifccts. 


DECONTMTM'TTOil 


Thjc.'C  t 'imc'’’)  1  •it- ' o-is  were-  app.l.vC'l  (.o  ■'vhe  contaminated 

samples.  (.1)  r..'i.acj.'ig  the  samrle  i-:  •  <<■(■•>•', icti  pu'!''.  L'‘'ri',  (L',1  applying  2D 
strokes  of  a  camel  hv.i.i.  b.r.irh;  o..ud.  (;<.  afjdyiof'  a  jo-pci.  air  jet  until 
all  macroccor.ic;  rhty  ''.i,  juhlc  beads  w:-'''.*  rc.m.'.  vO'.i  ■  I'hc  om'.''vti,l  operations 
were  conducted  .i.r.  tho  sc‘.ip,e:o'.'  .'.n  all  ■.'lu^es. 

Each  teat  rue  id.--, '•  ;?,(  f;  bi-a,!!  .r  ye  gT'.'’,ip.  Eo-.U'  bOmp.les  of  each 
material  tcsled  wi  n;  uad  -u.c  f-t  i.bc  i;»;C  va---  ''-.ot  c-.on- 

taminated  wttr.  te-vi'  ao.')  u  .«.,  -i  . t  ■  l  !■.■  ''-el  ect  V'a.rjati.on  .in 
■weight  relat  '-.  Jf:  ic  ..■'ivii'gc  ,i.u  or.m  !  einp.-./’-a.i  u've  acd  j'..uiti'..d  toy .  The  re¬ 
maining  thxo'-.  iamp.lcs  wcy-.-..-  u.sel  i..-.  ■■:'b '.-r.;'.:.  ilic  numecr  retained 

after  each  removal  'opc.ra-t.lon  ard.  t.o  p.u.;l.i.i-ai.j.vcj..;v'  li't<'o>*ml.ne  tlie  reten¬ 
tion  characte-.-:;!.-;-!  ilr.-;  the  m.-ci-ivr.'.ai ■ 

Measurement 

The  amount-  .retained  by  fm.y  at'Hiple  t  of  ore  ar..'i  after  each  removal 
oper.Ht'.l.on  was  deteimioed  by  two  methods.  Wlien  a,  -celat-ively  large 
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number  of  'beada  were  visible  on  the  sample^  the  amount  deposited  or  re¬ 
tained  was  determined  by  differences  in  gross  sample  weight  with  an 
analytical  balance,  good  to  +  0.0010  gram. 

Vhen  little  or  no  beads  were  macros copically  visible,  and  after  the 
third  removal  operation,  the  amount  retained  was  determined  by  examina¬ 
tion  of  a  preselected  area  of  the  sample  by  optical  microscope.  The 
preselected  area  was  a  circle  (approximately  3.64-  cm^),  situated  in  the 
center  of  the  sample  to  eliminate  edge  effects.  The  area  examined  under 
the  microscope  was  assumed  to  represent  the  entire  sample.  Based  upon 
the  quantity  and  size  of  beads  retained  within  this  area,  a  qualitative 
determination  was  made  on  the  mechanism  of  retention. 

The  sizing  was  accomplished  with  an  ocular  micrometer  containing  a 
linear  scale  in  the  binocular  microscope.  A  stage  micrometer  indicating 
0.1  and  0.01  mm  was  selected  as  a  standard  to  determine  the  linear  scale 
division  representations.  For  the  ocular  lens  of  5x  each  scale  division 
thus  represented  30  p.,  while  for  the  llx  ocular  lens  each  scale  division 
represented  l4  p.  Beads  were  generally  sized  to  the  nearest  half  scale 
division  in  terms  of  maximum  diameter.  All  beads  smaller  than  one  half 
scale  division  were  ignored.  For  the  magnification  utilized,  glass 
heads  less  than  one  half  scale  division  was  not  clearly  distinguishable 
from  a  dust  particle  of  the  same  size.. 

In  obtaining  the  size  distribution  of  the  beads  retained  on  any 
sample  after  each  removal  operation,  at  least  200  beads  were  sized  in 
situ.  For  anj-"  one  particular  sample  containing  over  200  beads  within 
the  examined  area  of  3-64  cm^,  only  the  first  200  detected  were  sized 
and  cotinted.  The  balance  was  counted  without  sizing. 

Results  obtained  from  measurements  on  the  analytical  balance  and 
by  microscope  examinations  were  converted  to  a  common  unit  (grams  per 
square  foot)  for  comparison.  This  unit  would  make  feasible  subsequent 
comparisons  with  the  theoretical  relationships  of  mass  levels  and  ioni¬ 
zation  rates.  Miller?  us6d  the  relationship  that  approximately  30  g  of 
radioactive  weapon  debris  fallout  per  square  foot  produces  an  ionization 
rate  of  1000  r/hr,  at  3  ft  above  the  ground,  and  corrected  to  1  hr  after 
burst . 
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RESULTS  AND  DISCUSSION 


Table  1  gives  the  results  of  the  residual  eontamihation  before  and 
after  each  decontamimtion  operatioii  rc:r  tbs  JOH  siae  group.  It  can  be 
seen  that  greater  than  98  of  the  iriltial  mass  of  beads  applied  by  de» 
position  were  removed  by  the  first  removal  process.  This  applied  for 
all  9  clothing  samples.  The  subsequer.f,  two  operations  increased  the 
total  removed  to  greater  fton  99  ^  for  all  the  clotMng  samples. 

Table  2  shows  similar  results  for  the  170M  and  325M  size  groups. 

In  Table  2^  the  weights  removs.i  after  ve.rtica.l  positioning  plus  brush- 
ing  are  omitted  since  the  percent  of  Initial  vas  less  than  0.5  in  all 
cases.  For  these  twe  groups^,  the  mass  remaininR  is  generally  'higher 
than  that  for  the  J0¥.  group. 

The  results  for  all  the  packaging  materials  except  Scrim-back  are 
shown  in  Table  3.  Ttie  results  for  Scrjlm-baok  are  listed  separately  in 
Table  It.  In  Table  3.^  the  ma.ss  remslnlrjg  after  vertical  positioning  for 
some  of  the  i)ackagi'.ig  material^  are  to  clothing  samples.,  but 

the  subsequent  removal  operations  reduces  the  amount  remaining  to  essen¬ 
tially  zero. 

The  results  shewn,  in  Table  k  .L':id:lcate  tnat  the  mass  of  beads  re*' 
tained  by  Scrim-back  is  slightly  greater  rhao.  that  by  the  clothing 
samples  shown  i.n  Table  1. 

Some  of  the  pac:kag1rig  materials  retained  'higher  percentages  after 
vertical  positioning  when  compared  to  the  a.verage  retained  by  cotton 
sateen  cloth^  but  after  the  three  oriecessive  removal  operatJ.ons  these 
packaging  materials  retaiiaed  zero  smou.r.ts.  Since  the  pac.kaging  materi¬ 
als  which  yielded  the.se  retentior..  percentages  did  not  possess  any  macro- 
scopicaily  visible  retairring  fibers,  it  must  be  assumed  that  an  electro¬ 
static  force  of  retention  was  acting  be+ween  the  bead-s  and  the  samples. 
The  subsequent  two  removal  oper.a.tyions  ovaroanie  this  force  to  remove 
practically  all  of  the  bead-?. 
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TABLE  2 


Avereige  of  I7OM  and  325M  Beads  Retained  on  Cloths  After  First  and  Third 
Removals  in  Deconteunination  Sequence.  Contamination  hy  Deposition. 


Cloth 

Initial 

Contami¬ 

nation 

(g/ft^) 

Weight  After  Removal 

Vertical  Positioning 

Vertical  Positioning, 
Brushing!  and  Air  Jet* 

of  Initial) 

(g/ft^) 

(5^  of  Initial) 

17OM 

C-1 

103.6 

1.66 

1.60 

0.0082 

0.0079 

C-2 

121.0 

0.73 

0.60 

0.0020 

0.0017 

C-3 

126.2 

4.67 

3-70 

0.0113 

0.0090 

C-4 

126.3 

1.64 

1.30 

o.oo4i 

0.0032 

C-5 

122.2 

1.83 

1.50 

0.0078 

0.0064 

C-6 

125.8 

10.6 

8.43 

0.0065 

0.0052 

c-7 

122.1 

1.10 

0.90 

0.0028 

0.0023 

C-8 

124.4 

0.75 

0.60 

0.0011 

0.0009 

C-9 

128.1 

2.30 

1.80 

0.0007 

0.0005 

C-1 

60.7 

1.15 

1.89 

0.0164 

0.0270 

C-2 

70.3 

1.05 

1.49 

0.0174 

0.0248 

C-3 

74.6 

2.46 

3.30 

0.0423 

0.0567 

c-4 

74.8 

1.35 

1.80 

0.0254 

0.0340 

C-5 

63.1 

1.20 

1.90 

0.0248 

0.0393 

c-6 

70.5 

4 . 65 

6.60 

0.0810 

0.1149 

C-7 

74.0 

0.59 

0.80 

0.0100 

0.0135 

C-8 

67.9 

0.4l 

0.60 

0.0048 

0.0071 

C-9 

66.0 

1.85 

2.80 

0.0237 

0.0359 

*Numher  of  beads  per  cm^  converted  to  equivalent  g/ft^j  50  n  diameter 
and  2.5  g/cra3  derisity  assumed. 
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TABLE  3 


Average  of  TOM,  170M,  and  325M  Beads  Retained  on  Packaging  Materials, 
Except  Scrim-back,  After  First  and  Third  Removals  in  Decontamination 
Sequence,  Contamination  by  Deposition. 


Material 

Initial 

Contami¬ 

nation 

(s/ft2) 

Weight  After  Removal 

Vertical  Positioning 

Vertical  Positioning, 
Brushingj  and  Air  Jet* 

(g/ft2) 

of  Initial) 

(e/ft^) 

of  Initial) 

7OM 

B-1 

51.34 

0.87 

1.69 

0 .0004 

0 .0008 

B-2 

49-90 

0.85 

1.70 

0.0002 

0.0004 

B-3 

57.83 

0.75 

1.30 

0 .0002 

0.0003 

b-4 

67.06 

0.27 

o.4o 

0.0004 

0.0006 

B-5 

63,60 

0.19 

0.30 

0.0002 

0.0003 

b-6 

66.34 

0.04 

0.06 

0.0002 

0.0003 

B-7 

66.63 

0.20 

0.30 

0.0001 

0.0002 

b-8 

55.52 

0.22 

o.Jjo 

0.0000 

0.0000 

B-9 

53.94 

0.22 

0.4l 

0.0000 

0.0000 

B-10 

53.07 

0.05 

0.09 

0.0000 

0.0000 

A- 6 

7-93 

0.16 

2.02 

0.0000 

0.0000 

A-7 

15.72 

0.66 

4.20 

0.0000 

0.0000 

A-8 

9.66 

0.09 

0.93 

0.0000 

0 .0000 

F-7 

42.11 

2.15 

5.11 

0.0000 

0.0000 

I7OM 

B-1 

86.41 

2.16 

2.50 

0.0000 

0.0000 

B-2 

93-87 

3.19 

3-40 

0.0003 

0.0003 

B-3 

92.10 

1.20 

1.30 

0.0003 

0,0003 

B-1+ 

107.98 

1.09 

1.00 

0.0006 

0.0006 

B-5 

100.65 

0.20 

0.20 

0.0003 

0.0003 

B-6 

78.54 

0.03 

0.04 

0.0001 

0.0001 

B-7 

83.97 

0.17 

0,20 

0.0001 

0.0001 

b-8 

72.57 

0.22 

0.30 

0.0000 

0.0000 

B-9 

60.63 

0.61 

1.01 

0.0000 

0.0000 

B-10 

72.71 

0.01 

0.01 

0.0000 

0.0000 

A-6 

79.49 

0.16 

0.20 

0.0000 

0.0000 

A-7 

71.89 

7.05 

9.81 

0.0000 

0 .0000 

A-8 

69.45 

O.lli- 

0,20 

0.0000 

0.0000 

F-7 

83.15 

3.49 

4.20 

0.0000 

0.0000 

Continued 
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TABLE  3  (contd) 


Average  of  70M,  I7OM,  and  325M  Beads  Retained  on  Pacltaglng  Materials, 
Except  Scrim-tack,  After  First  and  Third  Removals  in  Decontamination 
Seq.uence.  Contamination  by  Deposition. 


Material 

Initial 

Contami¬ 

nation 

(g/ft2) 

Weight  After  Removal 

Vertical  Positioning 

Vertical  Positioning, 
Brushing,  and  Air  Jet* 

(g/ft2) 

{.i  of  Initial) 

(g/ft^) 

of  Initial) 

B-1 

50.85 

2.03 

3.99 

O0OO20 

0.0039 

B-2 

55.87 

4.30 

7.70 

0.0000 

0.0000 

B-3 

54.28 

1.79 

3.30 

0.0000 

0.0000 

B-lt- 

56.27 

1.24 

2.20 

0 .0049 

0.0087 

B-5 

54.84 

0.16 

0.29 

0.0041 

0.0075 

b-6 

59.94 

0.36 

0,60 

0.0001 

0.0002 

B-7 

59.70 

5.19 

8.69 

0.0036 

0.0060 

b-8 

52.45 

0.21 

o.4o 

0.0000 

0.0000 

B-9 

58.42 

0.47 

0.80 

0.0000 

0.0000 

B-IO 

53.80 

0.32 

0.59 

0.0000 

0.0000 

A-6 

64.48 

0.13 

0.’20 

0.0000 

0.0000 

A-7 

51.09 

3.78 

7.40 

0.0000 

0.0000 

A-8 

66.71 

0.13 

0.19 

0.0000 

0.0000 

P-7 

62.09 

0.75 

1,21 

0.0002 

0.0003 

♦Number  of  beads  per  cm^  converted  to  equivalent  g/ft^;  50  diameter 
-and  2.5  B/cra3  density  assumed. 
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Beads  retained  after  each  removal  operation  were  microscopically 
examined  and  sized.  Figtaje  2  shows  a  size  distribution  of  beads  re¬ 
tained  by  the  untreated  cotton  sateen  cloth.  The  number  of  beads  re¬ 
tained  decreased  with  each  removal  operation  and  the  percentage  of  the 
number  of  larger  size  beads  decreased  with  each  operation.  Similar 
results  were  indicated  on  all  other  clothing  and  Scrim-back  samples. 

Macroscopic  surface  examinations  of  all  materials  tested  revealed 
that  all  packaging  materials  except  Scrim-back  were  smooth.  All  cloth 
and  Scrim-back  san^jles  were  identified  as  fibrous.  Comparison  of  the 
amounts  of  beads  retained  with  degree  of  fibrousness  revealed  a  direct 
proportional  relationship.  Materials  with  smooth  surfaces  retained  in¬ 
significant  amounts  after  the  three  removal  operations,  whereas  Scrim- 
back  packaging  material,  which  had  the  largest  inter-yam  spaces  and 
the  most  protruding  tentacles,  had  the  highest  number  retained.  Fig.  3> 
wMch  shows  beads  being  retained  on  Scrim-back,  reveals  the  large  spaces 
between  yams  and  the  many  tentacles.  It  also  shows  the  tentacles  hold¬ 
ing  the  beads. 

Table  5  shows  the  effect  of  direct  transfer  on  bead  retention  by 
clothing  material.  Results  are  given  as  ratios  of  the  mass  retained 
after  the  three  removal  operations,  for  samples  contaminated  by  direct 
transfer  to  those  by  deposition.  It  can  be  seen  that  the  pressure  ap¬ 
plied  has  forced  the  particles  into  the  fibers  and  caused  higher  resi¬ 
dual  contamination. 

Although  analyses  of  the  relative  merits  of  the  treatments  on  cloth 
samples  with  respect  to  residual  contamination  characteristics  was  beyond 
the  scope  of  the  test,  results  obtained  for  the  deposition  method  indi¬ 
cate  some  variations  due  to  the  treated  surfaces.  In  general,  the  treated 
cotton  sateen  samples  retained  smaller  mass  of  beads  compared  to  the  un¬ 
treated  cotton  sateen.  A  comparable  effect  on  the  cotton  poplin  was  not 
evident. 
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PARTICLES  RETAINED  (PERCENT  OF  QUANTITY  IN  GROUP) 


34 


32 

30 

26 


^  BEFORE  VERTICAL  POSITIONING  11966  PARTICLES) 

^  AFTER  VERTICAL  POSITIONING  (1276  PARTICLES) 

AFTER  VERTICAL  POSITIONING  AND  BRUSHING 
(358  PARTICLES) 

□  AFTER  VERTICAL  POSITIONING,  BRUSHING  AND  AIR  JETTING 

(193  PARTICLES) 


14  28  42  56  70  84  98  112  126  140  154  168  182  196  210  224  ;>38  252 

21  3  5  4  9  6  3  7  7  91  105  119  1  33  147  161  175  189  2  0  3  217  2  31  24  5  2  59 

PARTICLE  DIAMETER  Im) 


Fig.  2  Size  Distribution  of  70M  Particles  on  Untreated  Cotton  Sateen 
Cloth  (C-l) ,  Before  and  After  Three  Removals  in  Decontamination 
Sequence . 
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Particles  Retained  on  Scrim-Back  (F-6)  Packaging  Material. 
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CO?}C:LDS10'»S  ATO  I^ECOMMEj^DATK/NS 


Th6'  pac3t.af’,l''ip.  Tfi-H.'l‘.<'riri.i..r  >  ''.  y.-.'f'p*:  .  pri' ■j.f'rr.pi  llht.jf-  n-r  r-.r, 

residual  cont-aniuiat '.r-r.  aiuer  re.'uC'nl  ■  p!-.  rat  ions .  In 

those  cases  w'here  B.n  cle- 1' •'’st.at  "''  f'-.-r-;'.'  ho  ii  tc;  rh?  fiurface  a.f  tei- 

vertlca.1  positior.’ j.ric,  t  tiv  >,ior<;  •'..n'j.r-'-vy  n!/'ilic,>i;, ,  br  u.ir  and.  air  jet¬ 
ting,  reriiovcd  tho  beals  eti.'.i  iy 

£3crim“bacK  tmd  ail  clotii  sample-i;  wnicn  tave  e, paces  between  yarns 
and  many  fibers  acti^ig  as  metinanic*! J  '•  tti-i j!- ..  re tai red  detectable  amounts 
of  glass  beads  oven  ifler  t  hree  i '.vt  ia  wa  1.  '..perat  i.ons.  Scrim- 

back  retained,  more  bead.;  ’r.in..'-  c.r  :;-'  sateen  1.0th, 

treated  and.  untrcc.'i.’rl,  foi.a.ir'C'ji  nt.'i.v-  .-ao'".  '  ne  cotKcn  poplin 

cloth,  i,rc.o.t,c-d  ond  ted  i  oate-l 

In  general,  p,ar t  iric .-.  .  f  t  h:  .-.■•i.-.'pc  an!  of  t.ne  ver-t  beads  which 

impinge  by  deposit lo;.  i'.>  by  ■r'.i'o  :i.  t. r  xn.n  ■’ r  .ri''-,  ■■.uc’:'  Awt ';,ri a.Ls  as  those 
tested  arc  hsil  by  a  mcc.tiap  i.oai  ro.'v,  i,  .'C  J.i.'-  1;  y.c-tbu.is  of  removal 

slightly  more  vig'.-rou:.  r- v  >  i-.m  1  003 .b ’’.t’g  e-a-ily  ';)ve.r  come  thlo 

bond.  Particle'  retatno.-j  aftor  '-.he,  '...tui'-;  >•' m’.va  j  '•'r-"Cr.'-..tioni  used  can 
probabily  be  removc-i  easily  l-y  .  i:;!'..-.--  ne'...,-. ■.  1.  '.c.i.'-.uurrn.ripj  o.r  launder¬ 

ing.  Pield  expolioccic-  of  par '  ic  ! 1  j  'U'oV'iel.-.jy  su.f  fi.ee  to 
remove  98  I0  of  ^•r.e  par  1  ...c.i.cr  IL..  1.’ .■.o--  -.f  •liaf/-  .(.•.  r,ne  part- 

icles  would  unpuestionst iv  t'croa  au-..-.r ..t..,  rc ;,ned  by  ttie  sam.ples 

studied  '.I.r.,  this  ’■.•c.it  ,  v'-.-.'.  .  ’'-ii.  '■Cfv'.i'  d'  ’.'.iap'-  wav  LdealL2ed  by 

utilizing  spher.ice..i.  p-art  - c  v  v  ".''i.y. 

Undoubtedly,,  par  tic  to*  cf  d'.-uiieier  b'^  •  '.h.i.i.  '■.he  1'^  u  used  would 
have  been  more  difficult,  to  romco'c  cv  t.v  me  ■'hAb. '".f'al  pa,rt'<c.le  remova.l 
methods  util, (.zed.  ric:  partic  U  •.  ..'.r-.  helv'  ■raiic-l.tkf.’  by  tl.e  fibers.  Even 
though  t'he  residuax  c.o'it.am:i.naf.;o::  w.,.!.’:.  be  frLg(:i(..’r  whivis  small  par¬ 

ticles  ar.e  present.,  the  rad'.i.ation  levil:  pt-tslue-ed  will.  proba.b3y  lie 
lower  or  iriBignif leant,  [)a,te.  ffcjm  pas'.  wva7''0:i.'>  effoct,..'  teshs  indicate 

tha.t  particles  .less  f-to'n  IS  prrd.u.i.-.cd  t'.-ie  ;io',te'i'  i’yd'Lat'ion  readings. 

No  attempt  wa.s  made  tc  co,r7te.late  ve.ot  rT'Ui.lts  with  radioactive 
fallout  part'ic.les  -whic.b  .arisfe  from  nu.ili^ar  Such  var.lab.les 


as  particle  size  distribution  with  distance,  specific  activity  per  par¬ 
ticle,  location  of  radioactivity  within  the  particle,  shape,  density, 
chemical  composition,  mass  levels  produced,  solubility,  and  magnetic 
properties  all  complicate  the  problem.  Through  postulating  or  assuming 
specific  values  for  the  many  variables,  these  test  results  probably  could 
be  correlated  with  fallout  data,  similarly  to  the  calculations  performed 
by  Clark.*  This  was  not  done  in  this  study  since  the  retention  charac¬ 
teristics  of  various  QWC  materials  was  of  primary  interest.  However,  a 
rough  indication  can  be  made  of  the  significance  of  the  initial  mass 
levels  employed  through  the  relation:  approximately  30  g  of  radioactive 
weapon  debris  fallout/ft^  produces  an  ionization  rate  of  1000  r/hr,  3  ft 
above  the  ground  and  corrected  to  1  hr  after  burst. 5  Thus  the  maximum 
mass  levels  employed  in  the  experiment,  approximately  I30  g/ft^,  corres¬ 
pond  to  a  standard  field  intensity  of  about  UOOO  r/lir  at  1  hr. 

Simpler  detection  and  measurement  techniques  such  as  use  of  radio- 
actlvely  tagged  particles  of  a  known  size  distribution,  shape,  and  acti¬ 
vity  level,  should  be  investigated  further.  In  any  future  test,  the 
physical  and  chemical  characteristics  of  fallout  particles  as  functions 
of  burst  environment,  yield,  and  distance  from  ground  zero,  should  be 
carefully  examined  so  that  the  fallout  simulant  may  be  more  vigorously 
associated  with  any  desired  radiological  situation. 

Since  this  study  did  not  include  the  effects  of  humidity,  oil  bond¬ 
ing,  shape  of  particles,  and  electrostatic  forces  of  particle  retention 
on  clothing  materials,  any  further  investigation  should  Include  these 
effects. 


*D.  E.  Clark,  private  communication. 
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